Celosia argentea is an essential vegetable that is cultivated in the western part of Africa. This species has a growing reputation for its role in alleviating nutritional challenges and has found great application as herb of therapeutic importance in many regions of the world. This study investigated the foliar micromorphology and the histochemistry of Celosia argentea. Scanning electron microscopy (SEM), energy dispersive X-ray (EDX) spectrometry and staining agents were used to evaluate the micromorphology of the plant. The result revealed sunken amphistomatic stomata distribution on both surfaces of the leaf. Anomocytic and anisocytic stomata complexes were also observed on both epidermal surfaces. A definitive protuberance was observed on the polar end of the adaxial stomata. Stomata apparatus was ellipsoidal with a mean length of 19.60 ± 0.56 µm, while the mean stomata densities on the adaxial and abaxial surfaces were 83.5 ± 2.12 mm -2 and 194.18 ± 3.70 mm -2 respectively. Trichomes (with a length of 100.94 ± 9.44 µm) were sparsely distributed on both surfaces; glandular trichomes were observed only on the abaxial surface. The EDX spectrometry revealed the presence of iron, oxygen, sodium, calcium, potassium and sulphur as the major elements on the leaf, while histochemical tests revealed the presence of polyphenols, starch and lipids. Our results could be used to support and validate the information database on the anatomy of Celosia argentea.
Introduction
The genus Celosia belongs to the family Amaranthaceae and is represented by over 60 species. Species of this genus are found in all continents of the world but majorly in Asia, North America and Africa (Schliemann et al., 2001) . They are commonly referred to as Cockscomb because of their flower heads, which look like the comb on a cock's head. Other names for the flowers include wool-flower, quail grass, wheat straw, flamingo feather, flame-head and velvet flower. Most members of this genus are widely grown as vegetables while others are used as ornamentals because of their brightly colored and enthralled inflorescence (Gottshalk and Wolff, 2012) . Among the garden varieties, the color of inflorescence varies from yellow to various shades of red and sometimes violet in some regions of the world (Ogungbenle and Otemuyiwa, 2015) . They are mostly herbaceous annual plants; the leaves are simple, alternate, linear to lanceolate, stipules; petioles indistinctly demarcated, tapering at the base and pinnately veined. Among the members of these species, Celosia argentea L.
( Fig. 1) is the most popular as it is cultivated as a vegetable because of its numerous nutritional and pharmacological uses (Gupta et al., 2005) .
Celosia argentea is an essential vegetable that is cultivated in the western part of Africa. This species has a growing reputation for its role in alleviating nutritional challenges and has also found great application as a herb of therapeutic importance in many regions of the world (Gupta et al., 2005; Adedidran et al., 2015) Apart from the culinary uses of C. argentea, it is widely used in traditional medicine for the treatment of various disorders such as diarrhea, jaundice, mouth sores, gonorrhea, uterine bleeding, hemorrhoids and inflammation (Zheng and Xing, 2009; Varadharaj and Munyiyappan, 2017) . Studies on the pharmacological activities of C. argentea have reported the anti-diabetic, antihelminthic, antioxidant, antimicrobial and antibacterial potentials of this plant (Sharma et al., 2010; Wu et al., 2011) . Chemical analysis of this species indicated the presence of bioactive compounds like phenols, saponins, cyclopeptides (Xue et al., 2011; Molehin et al., 2014; Okpako and Ajibesin, 2015) among others.
Cape, South Africa. The university geographical location lies at latitude 32 o 47'-19 o 26' S; longitude 26 o 50'-42 o 306'E and at altitude of 514.70 meters above sea level. The plants were irrigated daily and weeding was done frequently as per the emergence of weeds. A voucher specimen (Ade/med/2017/01) at maturity stage was deposited at the Giffen Herbarium, University of Fort Hare.
Light microscopy
Fresh matured leaves were harvested at five weeks old ( Fig. 1 ). Samples of leaf surface with approximately 0.5 cm 2 were peeled off from the adaxial and abaxial surfaces to obtain the epidermal peel. The peels were stained with Nile blue sulfate solution to expose the tissues. The samples were washed with distilled water until the tissues were completely translucent. Samples were mounted on a glass slide and observed under a Zeiss light microscope. The slides were viewed using a UOP photomicroscope and results were recorded on Pro-Micro Scan Digital camera (DCM 510) as described by Akyol (2014) .
Scanning electron microscopy and energy dispersive x-ray spectroscopy
Fresh leaves were cut into segments of 4-6 mm in length and fixed in 6% w/v glutaraldehyde at pH 7.3 for 24 h. The sections were rinsed with 0.05 M sodium cacodylate buffer (pH 7.5). Each sample was later rinsed in distilled water and dehydrated in graded series of ethanol 10-100% for 20 min per rinse. Samples were dried in a Hitachi HCP-2 Critical Point Dryer and mounted on aluminum stubs with doublesided carbon coated sputter coating with gold-palladium (Elko IB-3 Ion Coater). The samples were examined at varying magnifications using JEOL (JSM-6390LV) Scanning Electron Microscope (SEM) that was operated at 10-15 kV accelerated voltage. Magnification at x 3,300 and at 5 µm on the SEM was used to determine the length of the stomata aperture, and a minimum of six stomata was observed. The energy dispersive X-ray spectroscopy (EDX) followed the same procedures as in scanning electron microscopy. Elemental analysis was done using energy dispersive X-ray analyzer (Thermo Electron Corporation, 6733B-IUUSN, USA), connected to SEM. Electron images were captured using Noran system six imaging software.
Histochemical studies
Histochemical analyses were performed on hand sections of fresh leaves samples. The following histochemical tests were carried out: Ferric chloride (FeCl3) for polyphenols (Ferreira et al., 2017) ; Toluidine blue (Brien et al., 1964) for tannins; Sudan IV for lipids and Iodine potassium iodide (Momin and Kadan, 2011) for starch. Control sections (blank test) without any reagent or staining were prepared simultaneously, according to the methodology described in the protocols. The stained sections were viewed under a Zeiss light microscope and photomicrographs were taken with a DCM 510, 5 M pixels, CMOS chip digital camera fitted to the microscope. The stained sections were photographed and observed for their characteristic features.
There are various reports on the nutritional values, phytochemical constituents and pharmacological activities of the species. However, there are scanty reports on the anatomical and morphological features of C. argentea. With the aid of an ocular microscope, the petiole anatomy and the arrangement of crystals in the leaf blade of some species of Celosia have been investigated (Illoh, 1995) . Furthermore, general anatomical accounts of some species of the Amaranthaceae family like the amphistomatic leaf, presence of raphoids, styloids and crystal sand have also been documented (Metcalfe and Chalk, 1979; Ogundipe and Kadiri, 2013) . However, literatures on distinct ultrafeatures of C. argentea are very few.
Ultrastructural features of different plants parts have been used as an essential tool in systematics and palaeobotanical studies. Vegetative anatomical traits are of great ecological and physiological significance especially in validating plant derived substances for medicinal uses so as to avoid substitution with closely related species (Albert and Sharma, 2013) . Therefore, critical evaluations of leaf micro morphological features are very useful when integrated with morphological data for the identification of any plant species. Kantachot et al. (2007) stated that leaf anatomical data support morphological evidence for species identification and taxa separation at the generic level.
The leaves of most members of the Amaranthaceae family are versatile in the production of secondary metabolites such as flavonoids, phenolic acids, saponins and tannins (Iwu, 2014) , which have therapeutic properties. Recently, histochemical features are frequently been used in identifying and characterizing these metabolites as well as solving taxonomic problems. Furthermore, histochemical studies are pivotal for the identification and distribution of chemical constituents in different organs of the plant including both the vegetative and reproductive organs (Krouk et al., 2010) . The presence of starch grains, phenolic compounds and lignins have been reported for some members of the Amaranthaceae family like Cyathula prostrata and Dysphania ambrosioides through histochemicial screening (Sereena and Sreeja, 2014; Sa et al., 2016) . Apart from phytochemical screening reports on C. argentea, the histochemistry of this species for taxa delimitation is also very scanty.
The present study aimed to investigate the micromorphological, histochemical and ultrastructural features of the leaves of Celosia argentea in a bid to provide additional information relevant for taxonomic documentation on the foliar epidermal features of this species. It is anticipated that the results will expand the scope of knowledge of this species.
Materials and Methods

Sample collection
Celosia argentea Lin. were grown from seeds in plastic pots filled with compost soil (Kanya Nursery, Alice Eastern Cape, South Africa) at the green house of Botany Department University of Fort Hare, Alice, 5700 Eastern
Results
The plant used for this study was five weeks old and was grown in the green house with regulated temperature. Three samples from different leaves were used for all the investigations. The light and scanning electron microscopy revealed an anomocytic mixed with anisocytic sunken stomata. The stomata distribution was amphistomatic in nature with more stomata densely packed on the abaxial epidermis as shown in Figs. 2 and 3 . The mean stomata density of the upper surface was 83.5 ± 2.12 mm -2 and the lower surface mean density was 194.18 ± 3.70 mm -2 . The stomata apparatus was ellipsoidal and were found open on both epidermises while the stomata length was 19.60 ± 0.56 µm and the pore length was 16.67 ± 1.34 µm on both surfaces. Bicellular to multicellular trichomes with a length of 100.94 ± 9.44 µm were scanty on both surfaces. Glandular trichomes (Fig. 2C) were, however, observed on the abaxial surface of the leaf. The non-glandular trichomes were more or less flaccid in appearance ( Fig. 2E, 2F ) and are comparatively more abundant, while the glandular trichomes were capitate with single secretory cell.
On the adaxial surface (Figs. 3A, 3B ) the epidermal cells were characterized by regular rectangular to polygonal anticlinal walls, compared to the irregular, rosette-shaped epidermal cells with deeply sinuous anticlinal walls (Figs. 3C, 3D) of the abaxial surface.
The energy dispersive X-ray (Table 1) revealed the presence of carbon (C), oxygen (O), magnesium (Mg), sodium (Na), nitrogen (N), beryllium (Be), calcium (Ca), potassium (K), sulphur (S) and silicon (Si) on both epidermal surfaces as well as on the glandular trichome. The relative proportions of the elements (Atomic %) as shown by EDX spectroscopy for both epidermal surfaces and the glandular trichome is represented in Table 1 . Chlorine was found on the abaxial surface and the glandular trichome. Figure 4a and b is representation of the EDX analyze showing the peaks corresponding to all the elements that are present on the glandular trichome and the plant sample. Histochemical tests were used to detect and localize some chemical compounds present in the secretory organs of C. argentea (Fig. 5) . The results showed a positive reaction with brownish coloration observed when the leaf was stained with FeCl3, confirming the presence of polyphenols (Fig. 5a) . The presence of tannins in the leaf was evidenced by brownish-dots on the trichomes when stained with Toluidine blue reagent (Fig. 5b) . Total lipids stained reddish orange with Sudan IV (Fig. 5c ) while a blueblack coloration detecting starch was visible with iodinepotassium iodide stain (Fig. 5d ). Fig. 5e is the untreated leaf as a control. 
Discussion
Leaves provide a variety of anatomical features that are pivotal to solve some intrinsic issues at the generic level of classification (Guo et al., 2017; Ohikhena et al., 2017) . In this study, the detailed ultrastructural features of the leaves of Celosia argentea could minimize the ambiguity caused by close-related species, overlapping features and ecological distribution. The abundant stomata distribution observed at the lower foliar epidermal surface of C. argentea has been reported by various researchers as a natural phenomenon in most dicotyledonous plant (Roelfsema and Hedrich, 2005; Zhigila et al., 2015) . It is also thought to be a strategy employed by angiosperms in order to adapt to prevailing environmental conditions, to prevent excessive water loss (Anifat et al., 2017) . Kim et al. (2010) reported that the long-term response of stomata to changes in the environment usually leads to production of new leaves, alteration in stomata size and stomata number per unit area. The plant used for this study was raised in a regulated environment free from harsh environmental conditions like excessive cold or heat (A temperature range between 25-27 °C was maintained in the green house), so the high mean density observed at the abaxial surface could be due to the characteristic behaviour of dicots or the conservation strategy of the plant to prevent water loss at the time of the day it was harvested. Stomata sense and integrate a range of environmental signals, including soil moisture and atmospheric carbon. Enlargement or reduction in stomata aperture has also been reported as one of the ways plant respond to their intrinsic and extrinsic environment. When unfavourable changes occur in the environment the plant sense this "stress", then transmit a signal to regulate stomata aperture (Israelsson et al., 2006) . The anisocytic mixed with anomocytic stomata complex type that was observed in this study is similar to the findings of Ogundipe and Kadiri (2013) .
Studies on the ultrastructural characters of the Amaranthaceae family have been well documented by various studies (Fank-de-Carvalho, 2013; Ogundipe and Kadiri 2013) . However, apart from the reports of Illoh (1995) , the presence of the protuberances at the polar ends of the stomata at the adaxial surface of C. argentea has not been accounted for. Protuberances were observed at the polar ends of the adaxial stomata of Celosia argentea in this study. Therefore, relying on the investigation carried out by Illoh (1995) , this finding, could be considered as a diagnostic marker that distinguishes C. argentea from other species of the same genus and other member of the family.
Trichomes occur in different forms, sizes and are either single or multicellular structures. These structures can be glandular or non-glandular depending on their morphology and secretion ability (Huchelmann et al., 2017) . The presence and absence of trichomes are used in delimiting plants at the generic level (Saheed and Illoh, 2010) . Trichomes have long attracted the interest of scientific researchers based on their ability to protect the plant, synthesize and exude large amount of metabolites (Glas et al., 2012; Lotz et al., 2014) . They protect the plant by regulating leaf temperature, excessive transpiration; create barriers against ultraviolet radiation and by secreting substances, which include among others, terpenes, phenolic, alkaloids and essential oils which serves as repellents to phytophagous insects (Xiao et al., 2017) . The presence of glandular trichomes on the abaxial surface of the epidermis is in conformity with the reports of Illoh (1995) and Ogundipe and Kadiri (2013) .
The energy dispersive x-ray (EDX) revealed that the major elements present in the leaf and trichomes of C. argentea. Most of these elements observed, play important roles in physiological processes and plant nutrition. An element like potassium enhances the synthesis and translocation of carbohydrates, which causes thickening of plant cell wall; allowing the plant to remain upright, while magnesium, being the central atom in chlorophyll molecules is crucial for photosynthesis. The absence of chlorine on the adaxial surface of C. argentea leaf is similar to the findings of Sharaibi et al. (2017) , who reported the presence of nitrogen only the adaxial surface of Agapanthus praecox. The presence of an element only one surface of the leaf under energy dispersive x-ray could be because of combination of elements when the percentage composition is being calculated by the EDX.
The presence of glandular trichomes on the leaf epidermis of C. argentea may be responsible among other specialized cells, for the production of chemical compounds reported for this species (Karthiyayini and Nithiya, 2015) . The presence of starch grains, lipids, taninns and phenols on the leaves of C. argentea supports the results of Ranjan et al. (2013) on the histochemical screening of C. argentea leaves and stem. The observed pigmentation and coloration revealed by the histochemistry were mostly at the site where the trichomes are abundant. This may imply that the trichomes could be the major site for the production and secretion of chemical compounds in leaves of this species.
Conclusions
This is about the first report of presence of protuberances on the polar ends of the adaxial stomata of Celosia argentea leaves using SEM; a distinct ultra-feature that can be used for proper identification of C. argentea for medicinal purposes. The basic information on the epidermal characters and the histochemistry of C. argentea provided by this study when considered together could be relevant for the correct identification of this species from closely related species of Celosia to authenticate the quality and purity of this plant for medicinal and nutritional purposes. Our results could also add to the database for future reference of this species.
